448 


VOLUME 80 SEPARATE No. 448 7 


PROCEEDINGS § 


| AMERICAN SOCIETY 
OF 


Tl CiVIL ENGINEERS 
1 JUNE, 1954 


i AN APPROACH TO HOT LABORATORY 
DESIGN 


by Gibson Morris 


Presented at 
Atlantic City Convention 
June 14-19, 1954 


STRUCTURAL DIVISION 
{Discussion open until October 1, 1954} 


Copyright 1954 by the AMERICAN Society oF CiviL ENGINEERS 
Printed in the United States of America 


Headquarters of the Society 
33 W. 39th St. 
New York 18, N. Y. 


PRICE $0.50 PER COPY 


AMERICAN 
SOCIETY OF 
Ccivit 
ENGINEERS 
| 
| 


THIS PAPER 


--represents an effort by the Society to deliver 
technical data direct from the author to the 
reaaer with the greatest possible speed. Tothis 
end, it has had none of the usual editing required 
in more formal publication procedures. 


Readers are invited to submit discussion apply - 
ing to current papers. For this paper the final 
date on which a discussion should reach the 
Manager of Technical Publications appears on 
the front cover. 


Those who are planning papers or discussions 
for “Proceedings” will expedite Division and 
Committee action measurably by first studying 
“Publication Procedure for Technical Papers” 


(Proceedings — Separate No. 290). For free 
copies of this Separate—describing style, con- 


tent, and format—address the Manager, Techni- 
cal Publications, ASCE. 


Reprints from this publication may be made on 
condition that the full title of paper, name of 
author, page reference (or paper number), and 
date of publication by the Society are given. 


The Society isnot responsible for any statement 
made or opinion expressed in its publications. 


This paper was published at 1745 S. State Street, 
Ann Arbor, Mich., by the American Society of 
Civil Engineers. Editorial and General Offices 
are at 33 West Thirty-ninth Street, New York 18, 
N. Y. 


« 
| 
: 


AN APPROACH TO HOT LABORATORY DESIGN 


Gibson Morris? 


We have learned from the preceeding talks some of the probiems associated 
with massive shielding requirements and remote operation of conventional 
equipment. Prior to the time these cells and remote equipment are designed, 
the Laboratory scale of these same operations have been carried out. Thus, 
to complete the picture of the facilities needed in the over-all scheme of re- 
search and development we actually start in the private or individual labora- 
tory. Since the preceding discussions have dealt with “hot” operations or 
activities that require full protection for the personnel involved, we will con- 
fine this paper to the “hot” laboratory. 

It is a wonderful age in which we now live and all of our modern devices are 
usually born as a result of research conducted in someone’s laboratory. 

Most of us as a result of our own experience or through the medium of ad- 
vertising have seen how important the kitchen in the modern home has become. 
And the equipment for today’s kitchens--today’s housewife plans her kitchen 
space and her equipment for maximum efficiencies, safety and ease of opera- 
tion. She needs equipment which will heat and bake, cool and freeze, agitators 
and mixers. She needs scales and measuring devices, hot water and cleaning 
facilities. She requires an exhaust fan or hood to keep the area free of fumes. 
She demands that her equipment be located in such a manner that her physical 
movements be held to a minimum. She insists that adequate storage space 
be provided. And finally she requires ample work areas with surfaces which 
can be quickly and easily cleaned over and over again. Yes, the kitchen in the 
modern American home is becoming the central point of our better living. 
And, in the rapidly moving search for knowledge in the fields of chemistry and 
physics, so has the laboratory become one of the most vital tools in the hands 
of our scientists. It is interesting to note the parallel requirements between 
our modern kitchen and our research laboratory. Basic items of equipment 
show a remarkable resemblance. In this discussion of a “hot” laboratory we 
start with the conventional and we build into the installation the necessary 
safety features which are a must. In addition, we strive for continued econ- 
omy through utilization of maximum efficiency from services and equipment, 
and simplicity in materials. 

Today, there are two major schools of thought with regard to the operating 
technics in the average hot lab. This discussion is not intended to debate 
these issues but merely to call attention to the fact that in the opinion of the 
author, each has its own merits and its own limitations. On the one hand we 
could design and install a hot laboratory with an absolute minimum of cost 
and rely heavily on the research personnel, through their operating procedures 
to provide the necessary safety and required efficiency. On the other hand we 
can incorporate in the laboratory itself the safety features and the tools which 
are needed to provide the flexibility and maximum usefulness as required. 
Just as our grandmothers managed to feed her family with limited equipment, 
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in the one case so can a laboratory be deprived of the modern equipment. And 
in the other case, as today’s kitchen provides the facilities for a wider selec- 
tion to satisfy our requirements, so the modernly equipped laboratory places 
at the disposal of the research groups the facilities so necessary for the 
successful completion of their undertakings. 

Let us look more specifically now at the “hot” laboratory of today, and 
first define what we call “hot”. This term has been used more and more of 
late as we have embarked on the road of nuclear energy development. The 
term “hot” simply means that radioactive materials are present and therefore 
the necessary precautions such as biological shielding, specific air collection 
and filtering, and waste disposal requirements have been introduced into the 
otherwise normal laboratory operations. And, the engineering approach — 
since we have introduced the handling of radioactive materials into these 
laboratories we must emphasize the need for careful examination of the design 
problems to ensure that the really necessary precautions are taken and that 
extravagant overdesign does not occur. 

During the last few years many papers and articles have been sania 
on the over-all subject of laboratory building designs. Cn how architectural 
effects are involved -- discussions on materials of construction -- different 
methods of handling and confining radioactive particles -- any number of these 
well defined and interesting documents are available to each of you, from the 
Atomic Energy Commission, the National Academy of Sciences, the National 
Bureau of Standards, the National Laboratories, and many other organizations 
such as your own A.S.C.E. This being the case, let us just briefly then con- 
sider the basic requirements involved in the design of a “hot” laboratory. 


Space and Size 


As far as possible, all areas should be kept free and open, through the use 
of movable partitions so that complete flexibility is possible with regard to 
initial layout, future revisions, and later readjustments. This would also call 
for a uniform floor load design, floor covering, head room, and ceiling treat- 
ment. 

A modular principle should be adopted in order that services may be placed 
to permit a maximum flexibility and a uniform approach to the installation of 
equipment. This will permit not only a lower initial cost but likewise will 
reduce later maintenance expenses. 

It has been found that bays about 24 feet square lend themselves more 
readily to the subdivisions which will be most useful. This module is sub- 
divided with facility into lesser modules so that workable units are then avail- 
able in any combination desired. Two 24-foot wide laboratory strips on each 
side of a central supply of services may in turn be flanked by two other 24-foot 
wide strips. From these two latter strips an 8-foot width of corridor may be 
subtracted leaving a 16-foot width along the exterior walls of the structure, 
wherein can be located offices, stock room, or any other space directly related 
to the operation of the laboratory. 


Materials of Construction 


The type of space enclosure may be varied. Long range planning of the 
programs to be carried out in the laboratory may indicate that movable metal 
partitions are the best choice. This selection should be compared with, say, 
a dry wall type of masonry. Realistic cost data, both from the standpoint of 
initial investment and for future flexibility in rearrangement, should be 
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considered. In any case a suitable surface finish which will not harbor radio- 
active particles and is readily cleanable of surface contamination is essential. 
This can be achieved by sealing the wall joints with a chemically inert mater- 
ial or tape and applying over the entire surface a corrosion resistant paint. 

Floor coverings should be durable and readily replaceable. We must assume 
that sometime during the use of a laboratory in which radioactive materials 
are handled that an occasional “spill” will occur. 

Many types of floor surfaces have been tried at the various Atomic Energy 
installations. Smooth finished concrete with a tough plastic surface treat- 
ment -- or covered with large sections of vinyl resin sheet material with the 
joints sealed -- various mixtures of concrete topping materials -- these 
treatments have proved to be rather expensive and in general not very satis- 


_ factory. Our most recent experience and one which is very promising is the 


use of ordinary asphalt tile squares. This material is not too expensive by 
comparison; it wears well under traffic, and above all it is easy to replace 
in the event of a spill. Only those sections which have become contaminated 
need be replaced. And for a small additional cost we can place a layer of 
felt or some other material between the concrete and tile which will further 
assure the protection of the concrete. Actually, our experience shows that 
asphalt tile squares tend to “flow” under continuous use and in so doing seal 
the joints even more tightly. Remember that we are talking about a laboratory 
where our level of activity is low. For areas in which the higher levels of 
activity are dealt with we must utilize more resistant materials such as 
stainless steel. 


Services 


As mentioned before, the over-all design of the laboratory, especially 
in a building with large groups of individual lab space, the distribution of util- 
ities becomes a matter of prime importance. Initial installation cost and 
ease of maintenance are basic considerations. Provision for flexibility within 
the laboratory, that is, the ability to rearrange equipment, should also influ- 
ence the layout of utilities. 

We have found that easy access to drain lines and hood ducts for the pur- 
pose of replacement or decontamination is necessary. For these reasons we 
believe that a distribution system designed on the universal space concept is 
preferred. In this system, utilities, drains, and ducts are led up through ser- 
vice channels spaced on a module along the corridor wall. Each service would 
be valved and teed at each outlet and distribution into the laboratory would be 
made along the wall in service racks. The service channels and the service 
racks would all be enclosed thus eliminating any exposed piping which would 
present a difficult problem in maintaining cleanliness. 


Ventilation 


Because of the potential hazard from radioactive dusts and gases efficient 
ventilation is required. The direction of air flow should always be from un- 
contaminated areas such as corridor and offices to potentially contaminated 
areas 

Not too long ago before hood designs were changed and before we had de- 
veloped some of the very sensitive equipment which we now find necessary in 
a laboratory, it was the general feeling, because we could not recirculate air 
through laboratories that air conditioning and humidity control were too ex- 
pensive. Today we have designed new laboratory hoods which operate 
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efficiently with approximately 1/2 the air flow previously thought necessary. 
In addition, newly developed equipment used in the laboratory for greater 
accuracy and broader research is very sensitive to temperature and humidity 
changes. Therefore, we must attempt to provide conditioned air on an econ- 
omical basis. 

The most recent development in this field has been the redesign of labora- 
tory hoods. This new design permits, (1) a safe 50 FPM face velocity, (2) 
constant rate of room exhaust and uniform face velocities for any hood door 
position by use of bypass dampers. Other changes in the hood design have 
improved its efficiencies, just as the modern kitchen has reached its present 
degree of perfection in our homes. Here then is one way in which we may 


engineer some of the problems that will confront us during the design of a new 


laboratory. Simply by redesigning one of the major pieces of equipment, the 
hood in the laboratory, we have reduced the volume of air to be handled and as 
a direct result we reduced our refrigeration load by some 65%. This is 
enough to now make it economical to proceed with temperature and humidity 
control. And most important of all, we have provided the research worker a 
safer and more efficient tool. 


Waste Disposal i 


To complete the design of a new radiochemical laboratory we must include 
a waste collection and monitoring system. If we are building a small single 
unit then waste collection becomes an integral part of that laboratory. If we 
are installing a new building, housing many laboratory units, then a common 
collection system can be utilized. In either case, this is a must in the instal- : 
lation and should be engineered taking into consideration the type of waste, fae 
and the most economical method for its disposal. This is a subject in itself 
and your own files will give you the necessary information. 

The foregoing summary suggests the basic considerations which must be 
“engineered” in order to produce a “hot” laboratory that is safe, efficient and i 
economical. How do we engineer it? Simply this --- 

We must establish a closer and more understanding relationship between 
the scientist and the engineers; neither is self-sufficient. Engineering is 
admittedly more complicated today but it is still based upon a sound and 
thorough understanding of well known engineering principles. In the field of 
Nuclear Energy Development the engineer, along with his usual requisites and 
abilities, should consider a new philosophy in approaching these problems. 
This new philosophy is born out of knowledge that remote control, shielding, 
zero maintenance, surgical cleanliness and radiation damage are primary 
factors which must precede or at least run concurrent with the usual engin- 
eering consideration. 

The critical factors which must be established and reconciled for each 
laboratory facility are, (1) contamination, (2) the upper limit for total activity 
and anticipated material losses based on the specific technics being used, 

(3) the proportion of space needed for each activity level, and (4) the cost in 
time, money and interference to the program to provide adequate protection 
in the event of a mishap. All work must be planned so that both the probabil- 
ity risk and the consequence are acceptable. 

Because of the wide range between the levels of radiation from the micro- } 
curie to the multicurie scale involved in current research activities, the J 
problem of designing working spaces in which this research may be carried 
out efficiently and safely necessarily has no single solution. Therefore, in 
this particular field, the design engineer should become a part of the research 
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and development team early in the conception stage of any new laboratory 
facility planning. 
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